Abstract : The BER performance of a WDM channel is investigated as a function of the attenuation of another WDM signal during fast wavelength switching events. A nano-second tuneable laser is switched across the monitored channel to perform the study.
Introduction
The migration from single wavelength SDH/SONET based networks to full WDM systems can involve a costly introduction of new equipment for each WDM channel installed. Wavelength packet transmission is a possible cost-effective path for this migration, as information is transmitted in packets on different wavelengths in a TDM configuration using a single tunable transmitter. Each receiving node uses optical filters to select the information (on a specific wavelength) destined for that node [1] [2] [3] [4] .
The type of lasers suitable for use in these transmitters are electronically tunable lasers that can switch between channels with nano-second speeds [5, 6] . However, if such a transmitter is being switched between a low and high wavelength channel for example, it is possible that it will emit intermediate wavelengths during the switching event that could cause degradation in the BER performance of an intermediate wavelength signal. This paper investigates the effect of the switching event on BER performance for various configurations. The levels of attenuation required on the output of the tunable laser during switching events are quantified for delivery of normal BER levels required for optical transmission systems.
Experimental set-up and Results
The experimental test-bed (Fig. 1 ) employs a nanosecond wavelength-switched laser module with DBR laser technology i . The module is controlled via a PC and can be set to transition between different wavelengths on the ITU grid. In addition to this laser we use a HP wavelength tunable external cavity laser (ECL) that can emit light from 1480 to 1570nm. A 2.5 Gbit/s electrical data signal from a pattern generator is encoded onto the optical signal (2 11 -1 PRBS,) from the ECL laser using an external modulator. The modulator used has a bandwidth of 8 GHz and a switching voltage of 4 volts.
Fig. 1 Experimental configuration
This data signal is then combined with the optical output from the tunable laser (TL) module that is switching back and forth between two specific wavelengths (1533 and 1538 nm). The switching time for this transition, and all other transitions between the supported ITU channels on the TL module, are under 50 ns to within 8 GHz of the target ITU channel. The data channel from the ECL can be set to any wavelength between these two output wavelengths from the TL module. A characteristic of this module is that as it transitions between two specific channels it may excite other wavelength channels that are being used for data transfer in an overall WDM network. The purpose of the current work is to determine how this affect's the performance of information transfer in a WDM network. 
Tunable filter Scope
Power, 8dB/div 1532.5 nm Wavelength, 0.6 nm/div 1538.5 nm with a bandwidth of 0.28nm that selects the wavelength channel, from the ECL, which is the data channel (1535.4 nm). The optical data signal is then detected using a 50 GHz pin diode and displayed on an oscilloscope or inputted into the error analyzer to determine the BER of the received signal.
To determine whether the signals excited by the tunable module (as it transitions between two wavelengths on either side of the data channel) affect the system performance, we must first of all plot the back to back performance of the 1535.5 nm data channel on it's own. The BER vs. received power for the back-to-back case is shown in Fig. 3 . We then proceed to measure the BER vs. received power for the case when the data channel is coupled together with the TL module output before being filtered out (also shown in Fig. 3 , 0 dB attenuation curve). It should be noted that the low receiver sensitivities in this figure are as a result of the low receiver gain used in the present experiment. The associated eye diagrams of the received data signals for the single channel case, and the case when the data channel is multiplexed with the tunable laser (that is switching between two wavelengths), before being filtered out and detected, are shown in Fig. 4 When the data channel is multiplexed with the output from the tunable laser, before being filtered out and detected, the BER vs. received power curve presents an error floor at around 4 x 10 -5 . This error floor is due to the fact that as the TL module transitions from 1533 to 1538 nm, it excites light at intermediary wavelengths for small periods of time. The signal emitted at the same wavelength as the data channel (1535.4 nm) interferes with the data and places an error floor on the received signal. Similar error floors are obtained when the data channel is set to other wavelengths between the two emission wavelengths from the TL.
In order to overcome this problem in real WDM systems that employ wavelength packet switching, it will be vital to extinguish the output from the tunable laser as it transitions between specific wavelength channels. This will ensure that the spurious wavelengths emitted from the tunable laser as it transitions, do not limit system performance. To determine the required level of signal extinction at the TL module output, such that it will not affect system performance in a wavelength packet-switched WDM system, we have used the experimental arrangement used before. For this work we have examined how the BER floor on the filtered data channel (from the ECL), varies as the output of the TL module is attenuated. These results are shown in Fig. 3 . We can see that it is necessary to attenuate the output of the tunable laser module by 8 dB to ensure that the cross channel interference caused by the spurious wavelength signals (generated during a transition period), does not limit the BER of the received signal to worse than 10 -9 .
This result is for the case of a single switching event.
The TL attenuation requirements for the case of simultaneous switching of multiple TL modules, in a WDM packet switched system, will clearly exceed 8 dB. This area is currently under investigation. 
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Conclusions
Wavelength tunable lasers are becoming a mainstream component in optical networks, and may be used for implementing more efficient bandwidth utilization in WDM networks by employing wavelength packet switching. It has been shown here that care must be taken to ensure adequate attenuation of the output of a laser transmitter under high speed switching operation. This will ensure that BER performance degradation due to the interference of wavelength signals produced during switching can be controlled. Ideally, the laser transmitter itself should perform the attenuation function and recent advances in integration technology are making this a cost-effective approach [2] .
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